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January 14, 1997

MEMORANDUM lORa aandy Brunts (DELCO):
Chairman. ZIA/CEMA OAR Subcommitt••

JPRON: Don M••••r (US Intoraation Ag.ncy): C()
Diqital System Propon.nt ~.~

M••••g••ent via Fax to Mr. Brunt.; court.~ copl•• alao .ent via
'ax =1

SUIJBC'l':

Ralph Justus (EIA/CBMA)
Charle. Morgan (Susquehanna Raclio)
Arvyd•• Vatany. (3PL)
aeme••va (USA D191tal)
Ed Chan (Lucent Technol09i..)
Clint Pinkhaa ('rho.8On ConllUHr Electronics)
DavieS Layer (N~8/Sci. , Techno.)

R••ction to the l/t7 Draft ~port entitled
"Technical Evaluation. of Digital Au4io Radio
syet... Perforaance"

Ye.terdaf afternoon I received a copy via fax of ~. 12 page dr.f~

r.~cited under SUBJBCT froll Mr. Va1anr-, who a~t.nt'ted the Dd
SubcoDlt.t_ .eati1l9 in La. Vega. l ••t Sat~ay aa our
repra.entatlva. HG ba. not yet ••nt •• tne appendice••antioned in
the draft report. Nona of the commant. I aate in this .e.orandua
depend on a r.v1.... of the appendix _at.rial.

a.fore ~innln, -r .pecific comm.n~. on the r.port, you should
know tha1: I only rec.1ve4 an announce.en1:. of t.h. La. veqa. 1I••tinq
a fe" day. before it took plaoe. That i. no1:. auch ti.e.

I f lr.t tbou'lht tha1:. the draft repon wa. an adel-on to the
excellent fla14 t ••1: .vallary that I receiVed l ••t week. However,
aft.r .caMin9 it, it 1. cl.ar tha1:. it i ....n~ to be an evaluation
report b•••d on all the t.sting 40n., laboratory and field. 11:. i.
larwely beeaa.. of th1. .cope that I bave 48c1ded to write tbi6
memorandua to you •• loon .s po••ible.

1. W1aa~ ......... h tile ...lotiOIl 1'8,01"1: ,Z'on4V•• we ..4 a9¥'.eat.,
Mr. Vai.ny. told •• that the draf1:. evaluat.ion report wa. hande4 out
Itt. the La. V..,a. ..etint la.t Sa1:urday toward the eM of tbe
maet.il\9~ ae .a1d. it wa. not di.cussed. He alle:t ••14 ~l\at Q011Ullent.
on it are clue ))y th. end. of February.

If thi. i. =be the procedure, it 1. qu1t. cUrt.rent from what we
a.,reed t.o in .ora tban ona DAR .Ubcommitt.. ...tin,. My
r.collect1on i. 'that a vorkin9 group was to ))e .et up. I ••ked to
be. _ber of ~.t 9roup. This Ihou14 hay. been duly noted, at
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18aat tro. the sept.1Iber Z" 1"6 lIeeting. At that tim. it va.
noted that a cbairaan atill had to be found.

I have not received any notice since tb.~ ti.. about tne
coapo.i~1on of the working group or it. work aehedule. It never
occurr.d to •• that .hortly .tt.r the r.l.... or the Fi.ld T••t
Dat. Pr."Dta~lon we woulcl be pre.ent.d with • draft of tne
.valuation report fro. an unrecorded authorCa). In ahort, what
happeneCS to the workinv 9roup? And it it cUd •••t or do ita work by
corre.pondence, why wa. I not invited to participat.?

XMplnv in mind all the diver.it.y of opinion 4urinv the entire
workinv periocS of the DAR .ubco1lllitt••, I would bave thouqht more
care anCS attention woulel have been paiel to th. production ot even
a drafc of the ev.luation report th.n what I have before .e: a
quick, .uperticial renderinv of all8CJed .nely.i••

r-

:I. 'I'll• ••f~ tecbaioal e..luatioa repo~' ie alla11", woeful17
.1...., ... •• a r ..U1t refleot. poo~17 oa ~be .~/C"'.

Conden.lnt the .nonou. ..t of t ••t. ~at were don. 1n the
la~oratory and in the fi.ld into a ahort report ianot a .imple
.attel'. However, the author(8) of the cI&-.ft report coule! have triad
to hi.,blitht all the important mattera, not be ••lective to pre••nt
a viewpoint ~t can readily be challente4. I wouldn'1: b. .0
concerned if the .ubco..itt•• war. perforain9 proftotion.l work for
a product. But the .UKODitt.. i. .uppo••d to repre••nt the
r ••ult. of the t ••t. in an unbiased and fair .annal', k.epinq in
mind tbat the publ1e, ilanutacturer., brade••t.r. and the FCC will
need to ~ able to .aru~ini.e the ..jor el...nt. of ~. work in
order to .ake their own 4eci.ion••

aecau.e of the hod,e-podfe v.riety ot .ywt.ma te.~a4 and the radio
frequenc:le. cho.en, the DAR evaluation 1. not .i.p1y one of
choo.in9 fro. a narrowly derin.d ••t o~ .lternativ... Aa thin,_
turne4 ou~. we had to 4..1 with radio fraquanci•• fro. 1 to 2000
MHz, witb aatel11te and terre.trial delivery, anel with consequent
re;Ulator,r and o~ation.l d1fterenc.. that could be do.inant in
any final, ..taction. of what the U.S. ahould do with r..pact to the
introduction/of d19it&1 radio .arvica••

Ther.fore, 1t i. terribly inappropr1at. to aay, without any att_pe
to eli.play Ue .W*leti•• , that .y.t•• x i. bett.r thaD all oth.r
sIst-, • • • • A fev exallpl.. of csistortion and a1..t:ate.ant are
q ven in th.: follovinq tew paragraph••

a. oa__i~" a"io ._11t.y.

Attar all the concern. were .xpr••••cI .1nce Auqu.t- 1"5, onc. again
we ••a the ranking di.playe4 a. 1f there were iaportant d1fferanc••
in inherent quality among the .y.t... te.te4. In po1nt ot r.~,
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th••• G1rfer.nce. were a1n1mal tor tbo•• ayat__ wi1:h .oure.
encoder bi~ rat•• 160 kbpa or higher, with the exception of ana of
the lUr.eka . 147 .y.t.... To blow th1. "gloctAn.p1al-type"
di.tinction way out of proportion, particularly tor mobile
reception, which va. the hallmark of the te.t., i. abaurd.

IJ. _.i~" a1l410 4I\l&1itya

Por ex••ple, the draft report le.ve. out totally t.h. fact that the
VOAIJPL sy.t.. con.iatently perforHd 3 ell or ao ))atter than Bureka
1..7 wi~ noi.. iapairmet.. Thi. ia a .1tnificant factor when
con.i4arinq s19ft&1 robu.tne•• and required protection ratios.

The VOA/JPL .y.t.. wa. categorized a. exhibitinq extremaly poor
perfor_nee . under ft\ultipath condition•• b was explained many
ti_. during the cour.e of the work, 'lIul'tipath aftecta are .il,1mal
Irca a .a'tellita. The VOA/JPL sy.t.. te.ted was not d••19ne4 to
counter aUltipath, nor ware te.t. on lt in the laboJ:atory repoJ:ted.
A. we have a·l.o _ntioned 1Iany ti.e., we had not coaplet.ed QUilt
aclap1:1ve .qua11aer d••1gn to COllbat aultipatA tor tan••tria.
boo.t~ application .t the time de.igns ware frozen for the lab~
Tharefo~a, tha aUltlpatb comment i. irrelevant. (Since then, w.
have ~ equalizer d••ign working ••11, and are workin; on an H'
.yet•• d••lgn with it a. an inherent part of the de.ign.)

o. ~lal. te.t ...~a,e ~••ult.1

The draft repo~ properly not•• ~at the '1'ule 3 .~al'Y doe. not.
ahow where 9.owraphically a ayete. failed II. Then it 90•• on to
ahow the cS1.play an~y, with another SOR of rankin, analyei•• It
than conclUde. with. ao_what taut.ol09ical .tai:_nt that. covera;a
ia Wh.~ covera9' ,eta.

Table a, })y 'tb. vay, ahow. two inter••t1ncJ thint., (1) 1:1'1.t t.he
satellite .y.~ 4id "better- than the otbv .y.t... everywher. but:
on the downtown and the San rranclKO pu-i_tar route., sc.et1•••
•19Jll!lGutlJ "better-; (2) that the terra.trial .y.t_ diet well
on th_ two routa, wber••• the .atellite ~t_ d14 fairly in the
peri_~... rou.te anti poorly 1n th. downtown rout••

What. i. .. w.urtU.nt" about thi• ., ("startling". 1. u.ees in the
ctratt teft with reference to blockaCJe tor .atelllte CSeliWlZ'Y.) We
have noted over .nd over a9&1n that 7 watt. troa • 9.0.t.~lon.ry

..tel11te at a twenty-plu. degree elevation aft9le at L-~d or s
band wll1 not overCOM build1n, t110Ckage.. Anyon. tollowing
up....i.enta clone over the paat ..veral yeu. 't1y \018 and. other.
abould know th1.. Any OOftclu.iona r••a'telllte delivery baaed on
the 11A/CDIA fle1d te.t••hould h19h119ht th1. phanom.non 1n a way
that: will a••l.~ people in unCSar.tandlftCJ bow to u.. ..t.l11t.
delivery, n~ to pan it out ot hand. To wit, it 1. clea~ that
.atellite delivery at L-band and S-band will require terre.trial
•••1.tance in uny urban environ.ent•• Thi. i. not .0 m\1ch a cas.
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of apeoitie .Y.~" 4e.i,n, but ot propagation phya1c. and the tact
that 30 to 40 dB 1'llar9ins are not currently attainable with
r.ali.tic coa.unication ..tellit•••

Additionally; for anyone whO haa visited tne Mt. Be.eon and san
Bruno 8it••" it ahoulcl be evident that any re.lonably powerad
d19i~l .rat.. at either VHf or L-ban4 ahou14 be able to 40 vell
into car. ancl trucka on the 4owntown and peri••ter rout.. . It
re..1n. tor addi~1onal an.lyee. to under.tand why tbe tarr••trial
.ya~... cl1d eo poorly on the aaet, we.t and north rout...

J. •• 1D400Z' t ••t. of value--. ...,.z. ..f1.leaor.

I wa. a atro, aupporter ot" conducting indoor r.ception
••••ur~t•• It a a pity that no useful 4ata wu. obtained duting
the f1e14 teat••

It all the ay.t.aa hael been operatin9 at VHf, tni. laak of «at'
would not bave been web of a pro):)l... However, it ia crucial w
the evaluation of .bivher rad10 frequenciea to 'let an ultdaratandinw
of what po¥U" level. will be neec1ed to bave fine reception indoor.;
Car and truck reception ia not. the only way people li.ten to
radio., particularly 1t CD quality 1. ona ot the i.portant
cr1tU'ia.

We hact a tine opportunity to evaluate L-band terr••trial
perforaanca in a variety ot indoor .ituationa within an independent
teat pr09l"D. The VOA/TIL in it. own axperi••nt. have conducted
te.~. unCSer a varle~y of buil4in9 conditiona, moetly a~ ••t.11lt.
elevation 81191... Obviou.ly, .i91\&l at.orpt10n ia • .iCjJnificant
factor at ~... frequenci•••

since va 40 no~ bave thea. kind. of iaportanot dat.a for the higher
trequencie., ~i. laCQna and it. conaequenc.. tor overall radio
.yet... evaluation ahou14 be prominently noted in our evaluation
report. .0 local. radio .~.t.ion i. 90iD9 t.o get Oft • cU,lJit.al
bandVa90a for ·outdoor" reception only.

TO par..a,. ODe of the _jor objec1:iv.. tor the t ••tlng.
pU1:1C\l1ltlJf~ fiallS ta.tlra;, the work ahould prov1cla valuable
lnto~~1oft to co.,are all the 4191tal ayat... with ••1.t1n9 PM .~
VHF. MY rev1ew or tha volum1nou8 t ••t. CSata incllaot•• w •• ~.~ ".
have y.~ to do 'tIli•• My cur.ory review of the lialtecl tielel t ••tin9
(lOU n~ convince m. that any of the tKre.tri.l .y.~..a will
p~ov1oa .1gn1t1cantly be~t.r ~for••n~ ~an ourr.ft~ ~ -r.~•••.
There 1. no~ing ye~ dl.ploy.4 that .ho~ ~b.~ ~V~.9. ba. been
enhanced, ror exaJIP1., I have ...n no parallel cla~. ~at showe wh.~
an rK .yet..,. r ••ponae would h.~ been ove~ ~he .lx loft9 path.
uaecI. 1fl'tbout indoor t ••tlng of eny .Y.~_ antS without. any lace
te.tlnCJ, we aay need to conclude that the jury 1••till oui:.
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it vit1a ~ "p"opl'i.te pe.pl., iDol••ia, til... no ba'YO ._"i." cia. '".... fo~ 7.a~., take .ao",11 ~ia., aa4 p&"04110••
.....~ t:Ja. aD/elD ....e ,~.". of.

I believe any avalu.otton report froa the I)AJt aubccaaaitt.. that
follow. ~. lin•• and t.one of the draft repor~ I have reviewed will
oauao grief to the ZIA/CIMA and, aore l_portantly, be ot little
valu. ~o tho•• who will ult1aately be r ••pona1J)lo tor lIalt1nq
deciaiona on the introduction of digital radio broadca.t1ng 1n tne
U.I.

Thor.tore, I; raco_ncI that we 1nat1tut. the Data ZYa-luat1ona
Workin, Group:. \'bare 1. no rUGh. We lIhould give th1. group adequata
ti_ to produc. an eV.luation report ot real value, on. the
la/CIlIA can hold up a. worthy of the t.ae, 1IOI\ey anCS the effort.
of -nr d.cUeated people who have tri.d to uk. this activity
.o..thin; of 1'••1 u•• to the American public.

Finally, ve Will have to be forthr19ht on identifying tIlo•• thing_
of illPOrtance' that, for one reason or another, v.ra no't 40na in the
t ••t prograa.

Sincerely,

~~~
H. Dona1cl , Dr. _.
us· Inf ~1Qn AleftCY
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CD RADIO INC.

Mr. Edward Y. Chen, Technical Manager
Signal processing Branch
AT&TlLucentTechnologles, Room 301
600 Mountain Avenue
Murray Hill, NJ 07974-0636

Dr. Nikil S. Jayant, Head
Signal Processing Branch
AT&TlLucent Technologies, Room 301
600 Mountain Avenue
Murray Hill, NJ 07974-0636

Dear Messrs. Chen and Jayant:

We are encouraged to leam that USA Digital Radio and AT&T/Lucent/Amati are
continuing development of IBOC DAB technologies. NAB recognizes the importance of
this work and its potentJal benefit to the radio industry and the listening pubic. For that
reason, NAB would like to offer Its services to facilitate a fair and impartiallBOC testing
program for all proponents as soon as the technology is appropriately developed.

As you know, NAB is a strong supporter of 180C DAB over competing
technologies. This is because IBOC, operating within existing allocated radio broadcast
spectrum, has the greatest potential to preserve the infrastructure and viability of the
United States radio Industry while providing broadcasters and listeners with enhanced
digital quality and ancillary data services.

DAB is a totally new concept for our industry that promises to take us into the era
of competing digital services. We believe that will best be accomplished within existing
assigned spectrum and encourage development of Ii digital radio system which
maximizes that spectrum currently occupied by radio stations.

Our hope Is that through this pioneering work of your respective companies, a
DAB technology emerges that will benefit the general pUblic, as well as all radio
broadcasters. We look forward to working with you on the development of this
technology and the fair testing of an ISOC DAB system for the next generation of radio
seNiee.

Kindest regards,

~~
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USA. DIGITAL RADIO CONTlNlJES TO DEVnOP IJOC DAB SOLUnON
W!STINGHOlTS~ WlRELISS SOLUTIONS l.1~A.OS Dl!V!LOPM!N'r mORT

USA Digital Radio, the five·ylrJlr old partnership betw"l'
W..tinlhouse/CBS and Gannett Broadeuting, continue. to develop and fIN
tt,,,. it••n.hand, nn-(!hannfl DAB Inlutlnl\ an.d now htaa the ff.ource. and
expertise of WestinlhouM Wireless SolUtiOl1& involved tl> l.ad. that effort.

Bernn Strom, President of U5ADR, .tated that the p.:m.rthlp recently
complet.d exten.4Jive intimal and exter:ul Ie\'!ewl of both the moc concept and
of itt own t..chnnlnl)'. "Thltd-paTty :,p.view has conturtld w;t..~ our conclusion
that IBOC II quite viable and that all technical tsau•• ean be acid:HrYed to thtt
,aU,faction of broaclcaltua and tesulaton," ,he ,aieL

The IfOUP" comprehensive tec:hnology d~v.lopment It,d
implementation plan il being spearheaded by Westtnpuse Wireless Solutions.
the 8altimore-battd team that has extensive e):peri.nte {n diBital teehr,ology
inc1ucl1ns,. mOlt recently, itt development of the si11con ':I",ide transistor for usc
in digital television.

MichAel 1ordan, Chairman and Chief Executive Olfietr of WestlnahouM
Electric Corporatltm, ltattd, "USADR'a work over the put five y.ars has yielclC
a pat deal of informatlon on the AM and PM DGM••nd 01\ worklt\s ift-baftd
DAB aylteml. Whll. thl. work ha. also llited. • Ierl•• of difficult tedudcal
challenps, USADR 11 now prOCftdjna wtth a reviMd tedu\1c.l de81Stl of itl DA8
'y,ttm. w. look forward to workinl with the NAB to tn'Ute that U.S.
broadcalten 11" prO'ridecl with 1.1\ oPJ"Oftunity to implement n.AB ~n an efficient
and. coat .ffective maNWr."...

USA Dtptal a.eUo continue. to work with the NAB te.t ett.bU,h
comprehmliv.~in~ependeatlaboratory and field testb\J of the moe Iyltea\,

.. .. ..

COntact: Helene BUeberI
21~-915-3'711

In Los Anplea:
213-624-1011
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Brian W, Kroeger. D.Se.
Westingho"s~ Wireless Solutions Co., Linthicum. MD

A. J. Vigil. Ph.D., P.E.
USA Digital Radio, Linthicum, MD

IMPROVED moe DAB TECHNOLOGY F9R AM AND FM BRQADCASTIN!:i

(L--eWe1t<: e LT'

ABSTMcr
DfV./opment o/improwd IBOe DAB systems

for upgrack 0/AMand FM broadcasting is in process.
Recent fVQluatton o/the demonstl'ot.d AM and FM
lBOe DAB systems has rfYeol,d sptciJic wealatessts.
Analysis 01 then wtokn'~1 has exposed the
Ilnde,.lying cau,.s and solutions have been proposed
to cornet them. Identifled weolatflllU include
intelfurnc. b,twe,n adjacent stations. propagation
pe,./ormonc. and inter/,rtnc. 0/ DAB. tlnde1' somlt
cirtumltancu. to the host analog. Soilltions include
chanp, ilf Iptct1'a1 occupancy. powl!r 1'olios and
modulation format a.r well as th, intl'Odtlction of
sld.btllld dillflnily. lim. dJwrsily and Ih./orm"lation
01a seMble I'I'tInSltion plan thol ptrmilJ an all·DAB
InlIfIml#lon/ontUll.

L INTRODUCTION AND BACKGROUND

Digital Audio Bl'OIdcaeting is a medium for
providinl dilital quality audio, superior to existing
analol broadcastinl formatl. The advantages of
digital tI'IDSIDissioD for audio include better signal
quality with less noise and wider dynamic range than
with existiDI AM aDd PM radio. The J08l of PM
DAB is to provide virtual CD quality stereo audio and
I 64 kbpI anciUary data chIDne'. '!be 1011 of AM
DAB il. to provide stereo audio with quality
compmblo to preIIDl IDI10I PM quality and a 2.4
kbps IKillary cia channel. The deYelopmat of new
hip quality stereo codec algorithms indicates that
virtual-eD stereO quality willSOOD be practical at rates
as low as 96 kbpl while stereo audio. rtartlingly
superior i.D quality to aistill. AM audio. can be
attaiDecl It 48 kbpI. moe requinll DO DeW spectral ,
allocations because each DAB signal is simultaneously
transmitted withill the same spedIa1 mask of an
exisUq a1l0c:ati0A. moe DAB if dcsiped. through
power level aD4 spetUa1 occupancy, to be traD.spareot
to the aaalo, radio listener. IBOC promotes economy
of spectI'UIIlwhile enabliDI broadcasten to supply
diptal quality audio to t.beir present base of listeners.

Recent evaluation of moc DAB systems
proposed by USADR revealed various deficieacies in
measured perfonnanc:e. In the Spring of 1996 USADR
commissioned ~skJlf R'HfII"Ch Group to conduct an
independent technical study of moc DAB systems .
and to recommend ~catiODl leading to the
practical viability of moc DAB, if possible. Specific
weaknesses were identified. Modi&atioDl were
recommended towaIdI I successtUl DAB system (1).
The conclusioD of the study wu that I successful PM
moc DAB desip is feasible. although cba1lenpq.
Limited compro.m- in covmp me may be
necessary i.D SOlDO ca-. u theoretical limits aro
approached. Sta1eoof-the-art diptalaudio colDplession
*bniques me CIUCiIl to tbI success otlBOC DAB.

. Tbis paper IUDUlllrizelIOD 1W'a~ in
previously pzuposed moe systems aad begiDI to
discusI iJDprcM::meDtI iDtaded to both amecl them,
along with new tecJmiques which will yield
substaDtially more robust DAB syJtemJ.

ne iDdepeadeDt audit ccmducted by DtsJdlf
RUltII'dr Group l'C\IQ1ccl variODl weala:Iesses in the
previously proposed PM moe system. The primuy
areal for needed improvement iDdude:

1. DAB iDIIIfer_ to bost PM sipal.
2. [nted'ereace to DAB from the ftta adjacent PM

sipaL
3. IDIerfenace to tile PM sipal from first adjacent

DAB.
4. IDled"lIme8 betMea DAB IICODd adjIceDts.
S. RobuItDeII r8 DAB in multipath fadiDI

euvironmcaL

1

(e) Copyright 1996 USA Digital Rodio. All JUahu Raened.
Reorinted with permission
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Figure 2. lumple of 1l'M SpectrulD with DAB
Sidebaads. .

The iDtafema to and from the first adjacent
c1wm.els placad ± 200 kHz away from the holt sipal
CID be deriwcl IioIDtbe relatiODShip of the adjacent
sipls shown in the plot ofFipre 3. FM statioDl are
geographically placed SIlCh that the nomiDal receiwd
power of aD UDdesiIecl adjaeat cbaDDel is at least 6 dB
below the desired SlItion'1 power at the eelp of itl
coverap area. TheIl tha DIU (dcsiIecl to UDdesired
power ratio ia dB) II at leat 6 dB. Knowledp of the
ratio of eICh staIioD·. DAB IipaI power to its FM
host permits IIIIII1IIeIlt of first adjacent intezfereDc:o
to DAB.

Similarly the interfaeDce of the first adjl'leDt
DAB to the bolt PM sipal c:IIl be assessed froID the
relationship shown ill Fipre 4. In this example the
host sipal is shown at -200 kHz offset from the
interferer.

fl·.I - 1IIt~ ..~
~ ~

v jlw..

: .... : -" 100..-
."~ .. .

~ '!!"·t:- :..
o 100 zoo 3CIO .. ... 100 100 ... tOO ,.

I. f.......,,,.....'tlIM1l

Fipn 1. rcc Spectral Muk RequiremeDti.

n. INTERFERENCE ANALYSIS

o

USADR's demonstrated FM·l DAB system
employs a set of spread spec:t.rum biorthogonal
waveforms which are spcctral1y shaped to occupy
passbands symmetrically placed on either side of the
host PM signal. Figure 1 shows the location of the
PM-I DAB signal under the PM specua1 mask. This
figure shows only the positive half of the spectrum
while the negative half is a mirror image. Notice that
the vertical axis is labeled _ spectral density as
opposed to a more coaveDtional average power
spec:tral d.eDsity characterization. In this case, the total
one-sided DAB signal power is aaually only 18 dB
below the PM carrier power while the peak spectral
power ratio appeatI significantly greater. This is
bocaUIO the short-term PM spectrwJl is more "peaky"
thaD the shon-tenn DAB spectrum when both are
obscmcl in a 1 kHz bandwidth.

Figure 1 illUJtnlel a typicIl PM signal
spec:uum with its DAB IipIl. Althoqla the spec:ttal
shapes lie DOt to sc:ale, this 4pre preseDtI the PM
spectrum II • siDc-like lobo lhape while the one-sided
DAB spetUum is sbowDu~. The DAB
sipal inted'ereDce to ill holt is • l\mctioa ofboth the
placement or flequeacy" of the DAB sidcbauds as
weU as their reiadw power 1fMU. Rec:cnt tcstinc
revealed that a DAB awrap power level at·15 dB (
18 dB for adl DAB siddud) Jdatiw to the average
PM power results ill some inted'ereDce to a 92 kHz
SeA aipal (ifpraeot) as weU as some blterf'emK:e to
poorly designed reeeMn whida bave iudcquate
filteriq MIl tho thinl banDonic 01 the 38 kHz
subcarrier. A rec:ommeadatioD to lower the DAB
power will be quaadfiecllater ill this paper.

I '.
I·~:=:=::;....~:.~..=::,/:\:':=:=:
I·.t--+-hJoo-+-+++--+--H--~

.• I--......-+r--+~-++-I--++--+----I

Flpre 3. laterfereace to DAB fro.. FIrst AdJaceat
FMSlpaL
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Fi&Ure.. lint AdjaceDt DAB IDterfenDce to
ADaloCFM. ..of'·It

I
J '

DAB interference ratio to the fM signal from about
24 dB to about ·31 to -34 dB, assuming the DIU at the
edge of coverage is 6 dB. This predetection FM
interference level should be sufficient to yield a post
detection signal to interference ratio of about 60 to 68
dB at the edge ofcoverage.

..lOt _.• .
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FllUn 5. SecoDd AdJacat DAB to DAB
IDterfemace
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Figure 6. DAB Marcia ApiDIt Bolt ADalol FM.

The DAB margin apiDst its host PM sipl
is plotted in Fiaure 6 as • fUDdioD of the raUo of die
DAB power to the PM power lor different 1iequeDcy
of!iets. Tbt frequency offset i. defined as tho
differeac:e~ tho PM carrier (center) fIequeacy
aDd ~ closest edp of an idcll recfaDIUIar DAB
spectJuID. The DAB marpa UIUIDeI • minimum of
S.2 dB EhINo il required lor the biortholoDll
waveforms used in the PM·1 system with a-lI2, K-7
conwlution codiDg. The PM host sipal wu
generated with pseudo pnlCased stereo music without
SCAI. Fipn 6 sbows that _ 90 kHz o«set requires_
re1I1ive DAB power of .» dB to result iJl 0 dB
marpa. This marpa~ to about 2.5 dB for a
100 kHz oftiet. It bu a1nIdy boIIl stated that tho
"outer elIp" oftbe DAB lipal be limited to 200 kHz
away from tbt PM CII!ier (ceatcr) trcqueacy to
pmat the IeCOIId IdjaccDt iDterfa'eDce problcnL
This bounds the DAB badwidlb to about 100 kHz on
either side ofthe PM spectIUIll.

The plat ill Fipre 7 sbawI the required first
adjlGeat DIU VI. DAB power for several fnqueDcy
oftieU. This DIU requiRmeDt aI10wI DAB to ftmcIioD
with 0 margin. This graph illustJatel that the required
DIU is substaDtially above the 6 dB requiJecl for the
analog PM signal. With _ R1a1iw DAB power of ·22
dB It 100 kHz o6et. the requiIed DIU i. about 28 dB.
With DO solutioll to this problem, this could be
coasidered a faIa1 flaw. FortuDatcIy,. reasoDible
solutioD hal been found. which has become

, .
/ ,.,

I .
• ,
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": ,,
I · ( \, ,, ,
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Figure' illustrates the obvious problem with
rlJe second adjacent DAB iDteIfen:IK:e to the host DAB
signal. At. station's edge of coverage. a second
adjacent's nomiDal povt'a' caD be up to 20 dB greater
than the host nomiDal power. 'The overlapped portion
of the holt aDd second adjacent DAB spectla is the
cause of the interferm:e. This problem is easily
remedied by pu11iDa ill the far edp of the DAB sipal
to withiD 200 kHz of its bolt carri~ frequency to
prevent spectral overlap.

The dfectI of the variouI interference
sceDlriOi illustrated in Figura 2 throuP 5 were
quantifted through 1DI1ysi1 IDd supported through
siJnuJatioa aDd testinI- ADalyJil of the DAB to first
adjlClDt iDterfereDce It tho 011. of QGYCI8p showed
that the toW DAB sipal sbould be set at about -21 to-2' dB n1atiw to its PM holt pOwer, instead of -15 dB
u in tho PM-I system. This reduces the adjacent

3
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incorporated as a component of the improved FM
DAB design.

The solution to the first adjacent interference
problem is to place redundant DAB signals on either
side of the carrier. Although the potential bandwidth
capacity is' halved, interference problems are
substantially reduced. A survey of existing U.S. radio
allocations shows that it is very unlikely that both
upper aDd lower adjace'nt channel intederers are
present at their maximum levels simultaneously. At
least one of the adjacent channel interferers must
satisfy a DIU of about -28 dB. When both interferers
satisfy thiJ requirement. then a receiver has the option
to dyDamica1ly select the DAB sideband with the least
estimated bit errors. This ftequency diversity is
espeda11y useful when multipath interference or
spectral notches aifeet one sidebaudor the other.

Table 1 summarizes the goall for DAB
coverage u a tunetion of the estimated EblNo for
digital tnpJSmission. e.f!'ective noise temperature (rural
VI. wbaa), and CIasJ ofstation (B or C).

Ill. WAVEFORM AND SIGNALING ANALYSIS

The PM-I system employed a set of 48
bionhogonally·moduJated spread spectrum waveforms.
These wavefonns were not the usual binary sequenc:cs
of chips common to direct-sequencc spread-specuum.
Instead. these waveforms consisted of processed
sequences ofpseudorandom numbers sampled at a rate
of 1.536 MHz. These sequences were first generated
with a pseudcNandom number gc:ncrator, then filtered
to yield a spectrUm with 2 DAB passbands, sucb u
shown in Figure 2. "The waveforms were made
pelfectly onhogonal through a process described in a
pending patent application [2]. Each of the 48
processed waveforms are modulated with binary data
at a rate of 8,000 symbols (bits) per second to yield an
agregate throughput of 384 kbps before fEC codiq.
In addition to the 48 information bearing waveforms.
one more waveform is used for equalization and
control.

......H.......... _ .-.._. .. u •••_..... • .

.....-.---+--....j-:.--I-----+---1

lIpre 1., Bequlred 'Int AdJIlCaIt DIU VI DAB
Power.

After aDalysii of the FM-l wavefol"Dll. it wu
determined that their autoeorrelatiOD and
crossc:om:1atioD cbuacteristics were not the IDOIt
desirable. These properties are UlUltratod in the
normalized autocomlation and croucorre1atioD plots
or the FM-l wave!onnI in Figwa 8 and 9,
respoctiYely, wbicJa were reproduoecI direcdy from the
patent application [2]. Althoup the noise-like
waveforms are pafectJy onhogoul when the system iI
pedeel1y sync:hroDizod (.aotice tile croucomlation at
sample 192, which is perfectly syncbronizecI) anct DO

muJtipath is present. thecro~ values are
uucceptably hip mil willa sli&ht timo officii.
Furtbermorl the hiP autocorre1atioD sidelobeI
resu1tiq 1iom the dual........ 1UteriDI depadeI
acquiIitioD pafOl'DllDCe, especiIIly in the pracnce of
multipath intedereDce. Thererore, an equalizer wu

"I'.. .. ...--_..._-.. ,..-+.-_.--.-..-'ott

-. -....~-••I----+---.po......-f-.~od:-----l

I
-·Of..... --...;;~...-...... --...::

1IJ----+---+----iJ----+;.a.",""=..-..•-I.

Table 1. DAB Coven.. Go...

Ev'No TOO clBW dBu Class 8 Class C CollUDeD"
Coverage <:own.
Diameter (mi.) Diameter (mi.)

5 10.000 -107.5 37.6 67.1 100.1 RurI1 Home CoYcrIn

5 100000 -97.5 41.6 49.0 17.' UIbIn Home Coveran

U 10,000 -97.5 47.6 49.0 n.' Rural Mobile CoYvan

U 100,000 -87.5 57.6 36.9 60.0 UrbID Mobile Cowran
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required to mitigate the effects of multipath. The still
less-than-robust performance of FM-l with the
equalizer indicated that the equalizer did not adapt
sufficiently fast to the cbaqinc multipath, conditioiU.
Consequently, the rccommcndatioDwas made·· to
replace the noise-like wavefonns with another set oC
waveforms which is more robust in the presence of
multipadL

'lpn e. Autocorreladoa of Several DAB (FM-l)
Wavcfonu.

Fipn 9. CroaeOrrelatioa of Several DAB (FM-J)
Waftf'onu.

Alternat• SprRd Swgum Sipalina
ADalysis of the use of Gold c:odeI for the

spread spectrum wavetorma showed significant
promise. Althoqh the Gold codes are not perfectly
onhoJoul with perfect syucbroDizatioa. their
autocomlatioD ancl crosscorrelatioD properties are

bounded. Using these bounds, one can construct a
signaling system consisting or N multiple spread
.~carriers where each carrier is M-ary
inOdulated using nearly-orthogonal Gold code
sequences.... tb.ere!0re a total of M times N nearly
ortJiogoDal Galer code sequences are needed. For
example, it is possible toco~ a signaling system
conSiStiDg of 32 simultaneous 32-11)' bionhogonal
carriers, each opeIa1iD.g at a chip rate of 15.6 kcps
(raised eosine filterelLtQ constrain within 100 kHz
baDdwidth) to yield a aggregate throughput or 192
kbps before FEe coding. This signalilll system
requires 1024 Gold codes with corresponding
cOmlalOrs ia the receivers. This spread spectrum
Sipa1iilg is replicated OD either side of the host PM
spcctJuIn IS previously described to mitigate the dfeas .
associated with the first Idjaceftl interference.

It is assumed here that the audio compression
alSOrithm· requires III iDfOrma1ioll througbput of 96
kbps. Rate 112 cod1DI,will require a channel bit rate
of 192 kbps wbich is replicatecl Oil each side of the PM
host sipal~ for diverIity advantages.

The Gold codes ofl'er improvocl performm:o
over the noise-like wawformI ill fM-l bocauso of
their impmecl autoeonelatioIl propcrUes aDd boUDded
QOSICOI1'datioll propaties for imperfect
syacbIoDizatioI The resuJtial I)'IteIIl would yielcl
superior performaDce ill the PIelCDCO of multipatb
fadiDg. A1tlIoqb aD equalizer may not be required. a
rake rec:eMr architecture is ftlCDIIUI1eDSed to fwther
eDbaDc:e paformaDce ill the presence ofmultipath.
The indepeDdeDl audit final report' [l] quantifies the
perfOl'lD8DC8 bounds d.isc:ussed here.

Sample plots of the normalizecl
autoeomlatioD ad c:roaconelation propcniu of
len&th 127 Gold Codes an peseutecl ill Fipres 10
aud 11, respediwly. CrosIcomlatiOIl propa1ieI of
Gold c:odeI of variou1eDBthI are pRlCDtecI ill Piple
12. The EblNo requirements tor biorthogonal
sipaliq i. p10aed ill Pipre 13. AD example ota
RIke receiwr~ tor implemcntaticm of the M·
art bionhopIllipaIinJ illbon in 'ipse 14. IJaI
combiqed ipfprmaIioA in tN. ICICIicm suppons the
yjabiJirr of bjonJanlpppl sipa,l'g, Wig Gold Codes
for the DAB appIicatiQD.

5
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Gold Code Auto-Correlation
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Fipre 10. Autocorrelatioa Of Two Gold Codes of Length 117,
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Gold Code Cross-CorrelatioD

......
Alternate OFDM Signaling

Onhogonal Frequency Division Multiplex
modulation of redundant upper and lower sidebands
may facilitate the exploitation of the FM signal
characteristics by limiting the FM interference to a
fraction of the subcarrien. As! example of an OFDM
specuum using MPSK DAB subcaniets is shown in
Figure 1'. For iDstaDc:e, knowledge of the: location of
the instantueous PM frequency over a particular
symbol period caD aid 1ft PEC decoder with erasures.
Also. signal proeessing techniques exist for
suppressing the FM signal such that a data signal
buried beneath it can be detected. Such techniques are
presently being analyzed and simulated.

-"'1'- ...~..
-'-

If

'lpn 12.
Properties.

,......

IV. BUND WlTIl TIME DIVEBSlTY

PerbapI the molt cffectiw mediad for dealin•
with tbe noaswioDIry mobile radio cbaDneI iI to
provide time divenity bctweea two iDdcpeDdcDl
truwnillionl of tile same audio IOUR)I. .Both AM aD4
FM moe DA8 ccmceptI iDhereutly provide this
ability by ddayiq tho IIII10g traDsmiaion by a fixed
time offset relatM to the decodecl DAB audio
tIIU1smissioa. WbeD tbe DAB trIDImiaiOJl i. bloc:kcd
(or conuptcd for lIlY reason) for IhoJt time. thea the
outage at the DAB cIecodcr it he&nl after the dMnit)'
delay. nus dmrsity delay is iDcurted at the receiver
and is comprilDd of deiDter1cavin1 UJCl FEe decocIinl
delay. audio dec:oding delay. and any additional delay
for diversity impzuvemeZll The FEe decoder can be
UIO to ideDlify fAUlty audio frImeI aDd. theld'ore, the
eXKt time of the DAB audio ouraae can be predicted.
If the chaD.Del becomea UDblocked after the diversity
delay. then the anaIOI s!paJ caD be demodulated such

!!!'.
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~ ..
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~ ..
!!!IC' ~-+---+r:or:-.:.A¥~~~
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ftcan 15. lumple at OFDM MPSK DAB
Carricn Beaeatb ud AdJlteDt to the ADalol FM
SlpaJ SpednuIL

..

..-............. ..-..

.............

. ~..
.."... '""'... . c.-

EblNo Requinmeatl For ~-.ry sa-

-.llWIle. ..,...
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lipn I.. Rake Receiver Stnacture For M-ary Ba
OrtbOlOau SlpaliDa.

ripre 13.
Ortb°lOaal
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that its detected audio outlJut can be blended in while
blendinl out the faulty DAB segment. The listener
may detect the temporary degradation in audio quality
durinl the analol blend duntion, but will not
experieoce aD outage or unc1esinble artifacts.

. It the diversity delay is sufficiently large such
that the DAB and analog outages are independent,
then the probability of an outaee after diversity is the
square of the probability of outage without diversity.
For instance. if the probability of aD outage is l.0%,
then the probability of outage after diversity is 0.01%,
which is a great improvement. The actual
pcd'OrmaDeC can be quantified with knowledge of the
autoeorreJation function of the channel outage due to
severe impairment This autocorrelation fUnction is
expressed ..

R(r) =E{x(t)· x(t - r)}
where x(l) is defined as the stochastic proc:css of the
clwuIe1"lOS1 pmbability such that a "I" is assigned
when the clwmel is lost and a "0" is assipeel when
the cblDne1 is clear. aDCl r is the diversity delay time
offset. Tho probability of outage without diversity is

p = E{.r(r)} . The autocorrelation function is

defined in this case such that it represents the
probability of channel outage after diversity
improvement as a function of time 0tIset. An example
autocorrelation function is shown in Figure 16;
however, an actual autoc:om:latiOn fUnction depends
00 distanc:e from the statiOD. terraiD. propagation
conditiou etc. The figure shows that if the aaa10g
signal is not de1ayecl relative to the DAB sipa1(zero
time delay). thea the ourages 1M correlated and DO

benefit is gained from bleDdio. siDce the probability of
outage mnaiDs tho same as without diversity. If the
delay is tarp, then events become UDCOrrelated and
the probability approaches the square ofthe probability
without clivasity.

The blend feaaue also solves the problem of
fast tuning time. Without blend a receiver would incur
the diversity delay after tuDilll to a station before the
listeDer bean die audio. Tbc b1eD4 feature will
demodulate the analog sipal almost iastant1y
allowin. the listener to heir the selection bd'ore
b1eDcliD1 to DAB sewral sec:cmds later.

AUTOCORRELATION FUNCTION OF CHANNEL LOSS

O_C4==~=-=-:"'_~2-----~O~----~%:-----~4

't

Diversity Time Offset

Flpre 1'. lumpll AutotorrelatlOIl fuactloD of Quad Lou Du. to Blockaae or Slftre Impurmellt
(p-o.04).
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DAB=9nly with Time Diversity
The moe designs permit evolution to an all·

DAB f~nnal Without the host analog signal present.
the DAB will be transmitted within the primary
spectral ebaDDel allocation. and not in the "wings",
Adjacent channel interference issues are alleviated.
The DAB power can be increased by as much as 30
dB, substantially increasing the DAB coverase area.
The transmission ronnat will include normal
compressed audio plus a more compressed
monophonic version of the same signal which is
delayeclby the diversity time offset. fEe with
interll1YiDl is applied to the normal compressed
audio. The lower rate audio signa) is used for
blendinl durinl outages in place of the analog signal
in the moe tec1uUque. Funhermore this lower rate
audio signal employs FEe codinl without
interleaving. Therd'orc the all-DAB signal fonnat
faci1itatel fast tuning aDd exploits time ancl frequency
diversity with the lower-rate redundant digital audio
signal.

V. DATA ONDERI'M

The moe DAB tee1miqua discuIsed up to
this poiDt place tbcir sipals in tbe spectrum "wings"
on either side of the PM aDI101 sipal (DOt directly
UDder the PM sipal, c... [3-8). Althoqh accuratc
detection of I DAB sipal dizectJy UDder the PM
si.pIl is difBcul1, the self-interference between the
DAB IDd the PM sipall of the host cbannel is
somewhat controllable. The cbannel capacity in the
"winp" usin& mhmdant sidebaDds is suBicient to
support complaSed audio \\Iich 112 rate FEe coding in
addition to • very modest data rate (e.g. 2.4 kbps) for
datacudlll savica. A Deed for more data capacity
may be fW8Iled throoP exploitiDl the spectnml
direcUy WJder the PM sipaL

. Tec!uUqueI bave beeD de\'e1oped which
involw c:anccUad0li aadfor DOtcb 1lI1erin1 of the PM
sipal'. instaDtIDIOUI frequeacy to dfec:tively
suppteSl the PM carrier [3-8J. The DAB signal is
extracted ft'om below tbe PM camer, althouah the
extraetioa procell dlsIona tbe DAB sipal. It is
assumed that the DAB sipal is small (c... -30 dB)
relatiw to the analol FM sipal suc:b that the DAB
distonion to the poll- cxistiDl PM stereo detection FM
sipa! is acceptably nellilibJ' (e...~ dB).

An FM exuaction teelmique UIiq dynamic
predistonion at the transmitter with either OFDM or
spread specuum sipals permits subswltia1Jy more
dilital capacity (bps) with lower distortion to the

analog signal than without the dynamic prcdistoltiOD.
Since both the analog FM signal and the DAB signal
arc known a priori at the transmitter, it is possible to
predict the distortion to the DAB signal due to the
DAB extraction process with a clear channel (no noise
or fading). Specifically the distortion can be predicted
with a DAB receiver located at the transmitter site.
The distortion can be observed on each of the detected
soft symbols oCthe DAB signal.

The DAB sipal proposecl in [3], U III

example, consisted of OFDM MPSX canien buried
about 30 dB (total DAB power) beneath the anal0l PM
signal. If the transmitter estimates the distortion in
this manner, then adds the neptive of this distortioa
(predistortion) to the composite signal to be
trIllSmined, then I DAB recci\lCf usial the identical
extraction alJOrithm u the local receiver will add the
distortion whida cancels with the predistoniOIL If the
amount ofpredistortion is small compared to the DAB
sipal, then the additiw dJstortioll model is •
reasonable approximation, and this wu verified
throup OPOM simulatioA (3J. Tho additive model
sbou1cl be va1icl also (or other wavef'orms such u tho
biorthol'Oaal spnII4 specUuID VOCIOt mocSula1ialL
However tbiI ShDuJ.tiOD unmecl pede
sync:bronizadoI and DO noise or odler channel
impairments. The dl'eeta of noise aDd fIdiDg would
degrade pcrformIDce IDcI should be evaluated before
usnminl coDCIusiw results.

SiDeD the traDIIIIitter proceaea the iDterferin.
PM sip RCOndi before IDnImittiDg it, the
ttansmitter is able to predict the ef!'eets of its self·
interfereoce aDd deal with it SeYeral other
tecbniqves, in additioD to tile ones cIiscusred here.
haw bceD conceiYed to exploit this cooperative
interferer uranpment. It is expected that the use of
DAB sipal extnetioa teeJmiqueI will result in • data
c1wmel c:apacity of64 kbpI.

9

(e) Copyricht 1996 US4 Digital Radio. AU Ri&hts ReSOMld.
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VL CONCLUSIONS

AM anci PM moc DAB systems arc being
imp1'OVf!Cl and uppdcd by USADR. Detailed analysis
and simulation results support the viability and
robustness of thesI improved systems. of which
demoDlUatiODS are anticipated in 1997.

The FM moc DAB system wiU. 'provide
virtuil-co quality stereo audio usinS redundant
spectral sidebands to provide frequency divenity and
immunity to fiat adjacent interference. Time diversity
is prcMdecl through inter1eavinl. A blend-to-ana!ol
feature. with time diversity in the order of seconds.
permits Wtually iostant tuniDl time while filling DAB
audio PPI clue to blockages or severe impainnents.
This 1batuR win dramatically improve coverage in
area c!JInIcterized by intermittent blockaps.

AM moe DAB wiU provide stereo audio
qUality similar to existinI PM 1DIlog. AM moc
QAB will exploit iJlterleaviq and blendiq-to-analo,
with time diYersityfea~ similar to FM moc DAB.

AM IDd PM DAB will offer superior DAB
covenp tbrouIh III option to transition, at a future
date, to a reduced-quatity aulo, simulcast or to digital
only. ThiI optioa o1I'en ID iDcreue in DAB power
with tile addition ofa supplemental DAB trIDSIltission
couiICiaI ofa lower rate compreaed audio signal Cor
tiD·cIMnily tOIiIiUm and Dearly iDIIDt twUnl
nil 1IIt featuII il exuemely e1fective agaiDst
intermiUeDt bJocbps an4 sevem impairmenrs.
providlq pafonDInc:e impossible to otherwise
achiew with ODly frequency diversity. interleaviD, and
FEe.
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Subjcr:t; DAll Suln~umrnj"w1)I:\ft Repon Cft OAR SysteRll'erfont1ll1t.e

DoarRudy,

Althoup 1 was not in 'ttcndlal~ at the It_ rCC4:ftt D,U Subcommiut.-e mClC.Ul8 (held on
Sat\lrday. January If. in Lu Veall. NV). thaw hat.n given fl r.opy ~, ~ dl'llft I't!pM which waf diltriblittld
there entitled ''Technical EvaluaticxlS of Dj~itAl Audio Rad;u System. Performance". AI Itated in tho
jnuodu~tion. ,hi. repOl't is mteU\t to provido Qn Gnll.l,-si::l of the bborator)· and field test ev"IU,"'~\1 of ddl
DAR S)'1UmUInKiOntly concluded b)' CEMA (b~ and larae, in ,onjuootlOll ~'itb the NUC) and contain,.
iImOII& othor thinS'. n ..•WIUI..,)' ,,:ull,-=lu¥lonS for adoption by the 'DAlt Subc;Qmmlnee ••

Briefly stan:d, my purpose IJl wriling yOIl this lent:~ is 10 mfor.n YOIl, and mroup you the DAR
Subcommittee iuclf, of the NAB's objections In this report HJving particjJ)~ted heavily in the ctr()r1S of
the NISC's DAB SubeommitWe. mYI~lf fm the put )'u"f, and ilaviD! the col\tc:tivc c~per~l1CC of my
coUQUei hefe at N.AB 10 rely \iPun. I ~I Qual,ned to state tha~ thisl1:port i. mi~leatfifte. i~nmJ'lltt('.and
overall "'IVe. to trivlahze the a1tire tr:st process.

Furthermore. it is my underJl4ndins that Ibis report Will gentrated outside of thf. Sut,committee
pY'OOCltl, that is, ralhcr 1han bellini the l'CIult ",f • «li~t~IV'" ~trUll'L tU~t \nlCI",.l«t Subconvniuee
member. and proponl:nts, as had~dittuu~ at n\lmcro\u! DAR Subcommittee mt~in&S, it appeared ..
somuwhat o(a surpri$c. I\!Jd was not attriouled to 111\)' par:icullJ.r auchcr Dr AUdloc't. tOr consideration by the
SLlbcommittee which, at the vtry 5ame meeting. proroscd to sus~nd its activities at the conclusion of that
J'l'IC(;tina- Qivat the investment in time and t:ffo!1 by the man)', mIIly individuals llaociated with this
proccal, it seems unjuat to disenfranchise them for this. the cuhnil1Atin, aai"ity. and onlt wrvu to
dilcrodit the enare proceu.

Thi, report is misleading hccau5C dati 11ft prescntf.d with little or no ~"planatioo. data whien
:simply cannot be properly undcfltood withl:lIlt 3t leMt ~l)lllC h~l,u\Unl iruulUuliun Fur instUlQl, in
Section m.A. it is stated that •• .. th¢ Eur~ka 147 DAB system (@;:!24 kbitls) i. ra"<.'d by :~port observers to
otter the best audio quality .... however no IUtlntion is made of th~ fKt tt..t IX chtel'eDct tn perfomlanct:
bet\\'Om it and the next-besf performil1i S)'Sll;an WilS :to small that statisticall)', the~ were .iu::leefi co b., the
same. Thi, fact was made quite clt<:lf in lhe lab dlta ",-port. as ,an '* sem In this excerpt:
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.....11 (lY.tema) diI'M' b)' leu lh.n o. J7. thi" differen~ ic nol co".i~nd ..decall)' lianifi".'11
"nee it CClWd too talIJ)' be due: tet cltQ"C~ •.." (emphui. acldcd • ft'om LIb DIu Report, Appcadi"
U. P1817)

Nor, cmatinuint wick om eumple, i~ an)' mention made ohhe &ot thot A\ldiO quality and bit ...~
(for 9 out oftho 10 syJtomJ evaluated) are directly related· tN. rctlcetl very poorly,l1hink, an a document
which is aapposod 10 ~ providina an cvalUdriulI uC the Itltullli, when IUch an obvjousllDd lmponant~ u
thiI iI tealJy ipored.

Thi. report i. incompleto for a number of rcuonl, onl~' 10InC ofwlUcb I will rncnhon here, For the
Jeqth oftime thIt I wu involved. and u I uDdcrSUU'ld it. tor moll if not .n 01 the time prior to that, thi,
process was huIbt with differina opinion, and controversy over the tpecifta on appmach, methndn1"8Y,
and C\~ interprclation ofresults. at least in the case of the laboratory data Thele issuet are not addreued
~'Wh.eJre in thlt report, not even alluded to, anli ,hi, i~ • sra"" omi.,'on. In thi, reprd, the NpOtt i.
mi.lcadina as we11as incomplete. by prcacntina the rCluhs as ifthere were no questions .. to ~ir validity.

1lcprdin, the field tell data specifically, what happtmed to the indoor dall? No mention is made;
of it in ehhcr the released field tost data report Dor in the subject evaluation rcpor1. The MiDutes of the
NUC DAB Subcommittee's field Test Task Group clearly state that iadoor mAiurementi were
completed on the Eureka 147 system (although only in multiple transmitter mode and not in both multiple
and 'inale van.matter model, as had been qreed) but there is no data presented nor il the ami••ion
f:'fplaincd. Indoor data was also taken on the other two flcld-tested S)'Items~ yet it appears nowhere IU1d it
mcAtianed DOWhere.

nere .... furtb. problems reprd.inl the compi...... of tho floW ICJIl data. It wu oriJinaUy
aareed by the Subcommittee., and this is rdlccWd in the field test plan which they adopted, that to properl)'
~riz.c the .y.ltlu ~lrUllmUI~1l in the:: fic:lcJ, (Ullr lr~' uf mCMfun;mcn&1 would be made • "Ions path"
(the OIlly mea,uremcnt. pro"nted in the reports), "short path.., "point", "'" "inside", How can tho .ubj~

report nadl • deftmtlvc conclusion reprdilll system performance when only one out of four planned-for
field toll nlCUuremcntl were pedomud? Ii this not an Important point to mention in the summary report
on thi. procell?

Perhaps the most glann, omi••ion involvcs an issuo which is foremost in the MiNk af
b~, thai boina how the dilica) .y,tontll pertonn relative to Rilt&r.S ona'o. coohniqlolos. Thi. iuuo
WII very clearly stated in the Field Test Task Group "Objectives and Goals" statement and, in fact, is
Usia! iUl11.,flnl ubjaclive:,

to .....101 if &he I)'atem under cell proVide UI&lJ'$ Mth • 111'111 quaucy and dUrRbllUy that 11
lipificandy IJ"Itlr than the AM lind fM anaJol .,Item, lU& prctenlly c-=i.t in thl Unilld
sca....

Thil deccnnination hu not been made, one way or the other, In the c".luativc report, and i, not even
mentiolwd. in spite ofthe tact that there i. aurncient U:lt3 coll~1c:d Lo addresl this question, in particular for
tho field-tested syltcma. Without answering this, any report on tho diaital lyatemi' pcrftJrmancc l., quite
frankly, totally lIIetesll u far at hmadca.ctt~ in fhe United Sflfllll ~rr. rltnr,mwt Anti for thRt maner "'ould
not seem to be ofan)' help in establishma the future course which the U.S.1hou1d follow reprdina DAB.
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My nMt polftt. VIal lhis repon frivializel the procell, is baaed upon the promiae that a~A PI'OII'Im
rcquiri"l O\o'cr two yean worth of I~ork. "UUlltl~1i 1IIc.'CliJJ81t .uul IUnule1 dl'on em ~ pan of broIdr.uIm.
equipmellt manufacturers. consulting engineer., and the liQ, cannot possibly be analyzed and Iwnmarily
Judpd in I mere agtll pqel as i. dOne In tbl slJbjec.t tepart (nor count"" tbe Spite used for system
deloripcion. and introducfOf)' remarks). I don't know to what end the DAR Subcommittee intends to use
this report but I cannot believe that. in its present fonn. it would be "'IeNl for mudl ofauythiDs exoept to
cliactedit the proce.u. which i. dislfCssi", because. like it or not. the NUC and Ihcreforc the NAB have
boca and will continuo to b.1inkod to this ",ork,

After ha\li". aid .n oftbil, 1have a request· ( would uk that, in your role II Cbairman of the
DAIl Cubclommittee, you rojoct this report outriaJ1t. aN! either Buick tho Subcommittla toward. 41)

acwrate. thoroush. proper, and suppcrtabl~ analysis of the data which WU colleacd. or, akemativoly. do
nul punuc analYlt. otthe lOt resu)yt ftmher, Admimdly, chi, t:1t PI'OClll wu a ditlloulJ otle, and will no
doubt always be controversial, but for one of the sponsoring orsaniwions to cndorle I report such II the
on, b,in. CODSidered 01\1)1 adcls mavlc to injury.

Pi.... &II free to contact me if you have 1m)' questions rtprding thi.letter.

David H. LIfO'
Senior _JIMr
co: 1.. Claudy

B.GoIdman
a. JultUl
1. Marino
C.Nofpn
N, Smith
D.Wn_


